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Abstract 
Mono-dispersed NiFe2O4 nanoparticles have been synthesized using a stable ferric salt of FeCl3 with co-precipitation 
technique, for study of their structural, morphological and magnetic properties. The XRD pattern conforms the 
formation of FCC structure with the lattice constant 8.31Ao. The crystallite size was found to increase with the bath 
temperature ranging from 33nm to 55nm. The AFM results revealed that uniform disc shaped particles were obtained. 
The resistivity measurements show a metal like to semiconductor transition, which depends on the size of the grains. 
The magnetic study reveals that saturation magnetization increases with the grain thickness. 
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1. Introduction 
Nanocrystalline spinel ferrites are important magnetic materials because of their interesting magnetic 
and electrical properties with high chemical and thermal stabilities. These materials are technologically 
important and have been used in many applications, including magnetic recording media and magnetic 
fluids for the storage and/or retrieval of information, magnetic resonance imaging (MRI) enhancement, 
catalysis, magnetically guided drug delivery, sensors and pigments [1,2]. NiFe2O4 is extensively used in a 
number of electronic devices because of their high permeability at high frequency, remarkable high 
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electrical resistivity, mechanical hardness, chemical stability and reasonable cost [3]. It is a well known 
inverse spinel with Ni+2 ions on B (octahedral) sites and Fe+3 ions distributed equally among a 
(tetrahedral) and B sites. Their properties are size and shape dependent and known to be sensitive to the 
processing techniques [4].These are synthesized by various techniques such as sol-gel[5], 
hydrothermal[6], ultrasonically assisted hydrothermal processes[7] and reverse micelle synthesis[8]. In 
the present work, an attempt has been made to prepare and characterize nanoparticles of NiFe2O4 by co-
precipitation technique. The characterization of the prepared samples was carried out by means of x-ray 
diffraction, atomic force microscope, magnetic and electrical resistivity measurements.  
2. Experimental Technique 
The co-precipitation method is used to prepare NiFe2O4 powder (NFO) samples. The hydrated powders of 
ferric chloride, nickel chloride and sodium hydro-oxide are the basic ingredients used for the synthesis of 
the samples. The solution containing 100 ml of 0.5M NiCl2.6H2O and 100 ml of 0.1M FeCl3.6H2O was 
added drop by drop into the reaction vessel filled with preheated 100ml of 0.8M NaOH aqueous solutions 
by vigorously stirring it at a constant rate. The samples were prepared at 50oC to 90oC. The drop wise 
addition of mixed solution in to the preheated solution of NaOH causes immediate precipitation. The 
colour of the suspension changed (Dark yellow to brown) with respect to the increase in bath temperature. 
Two hours of reaction time is found sufficient for dehydration and atomic rearrangement involved with 
the conversion of hydroxide in to the ferrite compound. The precipitates were separated by a high speed 
centrifuge at 8000 rpm for 10 min, and then washed 5 times with distilled water to remove sodium and 
chloride ions. The washed precipitated samples were dried at 100oC in oven. The structural 
characterization is done by means of Rigaku X-Ray diffractometer using Cu-
wavelength 1.5418 Å. The surface morphological studies are done by AFM (Digital instruments 
Nanoscope-E, with Si3N4 100  cantilever, 0.58 N/m force constant) measurements in contact mode. 
Resistivity measurements have been done by using Keithley 617 programmable electrometer in 
association with Lakeshore temperature controller. The dc magnetization of the samples for the 
temperature range of 77K to 300K was done by using a low cost, simple, fully automated home built 
Vibrating Sample Magnetometer unit in the magnetic field of 20Oe to 1500Oe.   
 
3. Result and discussions 
3.1. Structural studies 
 
The structural and phase investigation of all the samples was done by XRD measurements and 
compared with the available standard data (PCPDFWIN-74-2081). The obtained XRD patterns for the 
nickel ferrite samples prepared at different bath temperatures are shown in Fig. 1. The XRD pattern 
confirmed that the final product is NFO, having face centered cubic (fcc) spinel structure with Fd-3m 
space group. No other phase or impurity was detected in the obtained pattern. It was found that the 
samples are crystalline having strong orientation alo o. The crystallites size 
was determined by using Scherrer formula: ) for intense peak, where symbols have their 
usual meanings. It was found that the crystalline size varies from 33nm to 54nm with increase in bath 
temperature. The lattice parameters calculated by using a program CELL written in FORTRAN. The 
changes from 8.31Ao to 8.51Ao,whereas no appreciable change is 
parameter. The lattice parameter a=8.31+0.04Ao was found to be comparable but lower than that of the 
bulk material (8.54Ao). The difference has been associated to the large cohesive energy compared to that 
in the bulk material [9]. As far as the effect of temperature is concerned it has been observed that the 
lattice parameter increases with the increase in bath temperature. This may be due to the reduction of 
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surface tension of the nanocrystalline materials with the increase in particle size [10]. The X-Ray density 
dx was used to obtain the porosity of the sample and was calculated as: dx = 8M / Na3, where M, N and a 
 [11]. It is found to 
decrease with the increase in bath temperature. The obtained crystallite size, lattice parameter and X-ray 
density are shown in Table 1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
        
 
                        
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Fig. 1.  XRD pattern for NiFe2O4 samples prepared at different bath temperature. 
 
 
3.2  Morphological studies 
 
The surface morphology has been probed using AFM for NFO samples. It has been observed that well 
mono-dispersed particles are synthesised by using co-precipitation technique. The grain size has been 
calculated by using the relation; d = (4A/ ), where A is the area of each grain.  
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Table 1.Variation in crystallite size, lattice parameter, x-ray density, grain size, coreicivity, thickness and 
saturation magnetization with bath temperature. 
 
 
Bath Temp. 
(oC) 
Crystallite 
size  (nm) 
Lattice 
parameter 
(Ao) 
X-ray density 
gm/cm3 
Grain size 
(nm) 
Corecivity        
(Oe) 
Thickness 
(nm) 
Hs 
(oe) 
50 33.5 8.31 5.42 274 131 41 877 
60 41.1 8.32 5.40 277 184 38 837 
70 42.3 8.32 5.40 - - - - 
80 43.5 8.33 5.38 288 166 28 635 
90 54.5 8.35 5.34 308 110 27 631 
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                 Fig.2. Ni-Ferrite nanoparticles synthesized at 50oC with its section analysis curve. 
 
The thickness of the nanoparticles has been obtained by analysing the images by sectioning laterally as 
shown in Fig 2, it conforms the disc shape of particles. A plot of the grain size and the thickness at  
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different bath temperature are shown in Fig.3. It is found that the grain thickness decreases, where as the 
grain size increases.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Variation in grain size and thickness of Ni-Ferrite nanoparticles with reaction temperature 
 
3.3 Magnetic studies 
 
In case of the nanomaterials the magnetic properties are highly dependent on shape, size as well as 
thickness of the particle [12]. Extensive studies are available in literature on the size, thickness, and 
geometrical shape dependant magnetic properties of nano-magnets [13]. Understanding the influence of 
shape opens the way to design new nanostructured magnetic material where the magnetic properties can 
be tailored to a particular application with very high degree of precision. The magnetic study of the 
samples has been done by using vibrating sample magnetometer. The experiment was carried out at 80K 
and the maximum applied field was 1025Oe. The plots of magnetization against applied field 
corresponding to different values of grain size are shown in Fig. 4(a). The observed change in coercivity 
with grain size is given in Table 1. It has been observed that the coercivity decreases with the increase in 
grain size. In Fig. 4(b) a plot of saturation magnetic field (Hs) corresponding to the different thickness of 
particle for an average grain size of 300nm are shown. Since in our system we do not observe saturation 
magnetization, therefore we define a field Hs above which there is no appreciable change in 
magnetization. The values so obtained for Hs are given in Table 1 and are marked as closed circles in 
Figure. In the same figure two more points corresponding to the 5nm and 10nm thickness of particle 
taken from Cowburn et. al [14] are also shown by squares. One could observe that an interpolation of our 
work may lead to the value as shown by Cowburn. Even though such an analysis is crude, we believe that 
one can have some rough estimates.   
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Fig.4(a). M-H Curves for the Ni-Ferrite particles at 80K. 4(b). Variation in saturation magnetization
(Hs) with grain thickness compared with theoretical data of Cowburn et.al [14].
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3.4 Electrical studies 
 
The resistivity measurements are important to understand the conducting behavior of the prepared 
samples. The measurement was done by using conventional two-probe method for the temperature range 
of 300K to 400K. The contacts made were of copper wires using silver paste on it. It is found that the 
resistivity decreases initially with the increase in temperature; it then increases and reaches a maximum at 
370K, and then again decreases. Thus the sample shows metal like to semiconductor transition at 370K. 
The temperature at which the transport properties change from metal to semiconductor is termed as 
temperature of minimum resistance (Tmin.). Fig. 5 shows, a plot of log   vs inverse of temperature and it 
has been found that the Tmin decrease with increase in bath temperature.  
 
 
                        Fig. 5. A plot of  log   vs  1000/T  for samples prepared at different bath temperature. 
 
The Tmin has found to be a maximum for the sample prepared at 60oC (41.05nm) and lowest for the 
sample prepared at 90oC (54.5nm). Thus, the metal to semiconductor transition depends on the size of the 
particle. Similar reports may be found in literature [15]. The observed shift in Tmin might be due to the 
increased order in the samples prepared higher reaction temperature [16]. The most ordered system is 
therefore the material synthesized at higher temperature say 90oC. 
 
4. Conclusions 
The Ni ferrite has been prepared by using co-precipitation techniques at different bath temperature. 
The XRD study reveals that, the technique is appropriate for the synthesis of nano-sized particles. The 
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crystallite size is found to be ranging from 33 to 54 nm having face centered cubic structure with strong 
orientation along (3 1 1) plane. The X-ray density was found to decrease with the bath temperature. The 
increase in lattice parameter may be responsible for the decrease in X-ray density. Morphological studies 
have been done using AFM. The images so obtained shows that well mono-dispersed disc shaped and 
uniform particles are obtained. The grain size was found to increase while thickness of the grain decreases 
with increase in bath temperature. Magnetic studies on the above samples are carried out by using 
vibrating sample magnetometer at 80 K with maximum applied field of 1025Oe. It has been observed that 
the coercivity increases with the increase in grain size. The saturation magnetization was found to 
increases with the grain thickness. The resistivity measurements suggest that the metal to semiconductor 
transition occurs, and decrease in Tmin, suggests the transition depends on particle size.  
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